Effect of Earthworm Eisenia Foetida in Constructed Wetland on Purification of Country Wastewater  by Jin, Qiu et al.
 Procedia Engineering  154 ( 2016 )  406 – 411 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of HIC 2016
doi: 10.1016/j.proeng.2016.07.505 
ScienceDirect
Available online at www.sciencedirect.com
12th International Conference on Hydroinformatics, HIC 2016 
Effect of Earthworm Eisenia foetida in Constructed Wetland on 
Purification of Country Wastewater 
Qiu Jina,c*, Wei Li b, Xian-ning Li c 
aNanjing Hydraulic Research Institute, Nanjing China, 210029 
 
bDepartment of Civil and Environmental Engineering, Tohoku University, Sendai Japan, 9808579 
 
cDepartment of Environmental Engineering, Southeast University, Nanjing China,210096.  
Abstract 
Based on the ecology theory,this study wants to improve the wetland ecological system for ideas, introduced 
the Eisenia foetida to add the food chain’s link, strengthen the link of aquatic animals, educed the conclusion:The 
Eisenia foetida can improve the condition of dissolved oxygen in the wetland.When hydraulic load is 
0.3m3/(m2·d),the average effluent concentration of COD, TN and TP are 41.02mg/L,4.59mg/L,12.58mg/L and 
0.44mg/L respectively,the effluent water quality satisfy the่A level ofǉdischarge standard of pollutants for 
municipal wastewater treatment plantǊ(GB18918-2002). 
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1. Introduction 
 Constructed wetlands are engineered systems that use natural functions of vegetation, soil, and organisms to treat 
different water streams. It can treat a variety of different wastewaters, such as household wastewater, agricultural, 
paper mill wastewater, mining runoff, tannery or meat processing wastes, particularly can be applicable to 
countryside. 
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   The previous studies [1] have revealed the problems of constructed wetland which are low performance on nitrogen 
and phosphorus removals and blockage in the substrates during long-term operation. In order to mitigate the 
performance problems, the area of wetland have been usually raised to decrease the operation loading. Therefore, it 
is critical to improve the pollutants removals and to retard the blocking in the substrates.  
  Constructed wetland is a typical ecotechnology, which employs the functioning of the ecosystem in wetland to 
remove pollutants. The synergy of organisms can strengthen the integrity of wetland ecosystem, therefore improving 
the purification effect of constructed wetland. Although the synergy plays an important role in the design and the 
operation in constructed wetland, it had been neglected by researchers.   
  In this study, the earthworm Eisenia foetida were introduced into constructed wetland to prolong the food chain 
and to strengthen the trophic link between aquatic organisms, therefore improving the synergy of organisms and the 
purification effect of constructed wetland. Additionally, the earthworm Eisenia foetida crept through the substrates 
and ingested the organic particles, which can partly mitigate and even eliminate the blockage in the substrates [2-4]. 
  The species of the earthworm Eisenia foetida favor the organic particles, tolerate the fluctuation of temperature and 
adapt to moist environment. Compared with other species, the earthworm Eisenia foetida possess the stronger 
tolerance to temperature fluctuation and high moistness, and the higher reproduction. Therefore, the earthworm 
Eisenia foetida were chosen in this study. 
 
2. Materials and Methods 
2.1 Design of constructed wetland system 
  The study site is in the experiment station of ecological restoration, Southeast University, which locate 
on a waterfront of an influent river (Chendonggang River) of Lake Taihu, China. The untreated sewage 
from many peasant families was gathered and pumped into the anaerobic tank. Water was then delivered 
to the constructed gullies in a parallel manner via twenty-one 60-mm-diameter PVC pipes(Fig. 1). Every 
ditch of the constructed wetland system consisted of concrete and brick gullies 1.5-m wide, 0.7-m deep 
and 1.5-m long. The bottom of the bed was sloped approximately 1% from inlet to outlet. Water level in 
the bed was kept at 50 cm and not changed during the investigation. Coal cinders as substrates were filled 
into the ditch and reeds were planted to build the constructed wetland. The height of cinder layer was kept 
approximately 40cm. 
 
Fig.1 Schematic diagram of the constructed wetland 
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   Two constructed wetland systems were separately built in the two ditches. The one was inoculated with 
1700 pieces of the earthworm Eisenia foetida, the other was untreated as the blank. The physicochemical 
parameters of the raw water are listed in Table 1.  
Table.1 Raw water quality during experimental period 
* values in the parentheses are the mean. 
2.2 Analyses of water quality 
  Once a composite sample was collected, water temperature and dissolved oxygen (DO) were measured 
immediately with a YSI 650MDS Multi Probe System (YSI Inc., Ohio, USA). Half of each sample was 
filtered (Whatman GF/C glass-fiber 0.45 μ pore size) and analyzed for ammonia nitrogen (NH4 
+ -N). 
Unfiltered subsamples were analyzed for total nitrogen (TN), total phosphorous (TP), and chemical 
oxygen demand(COD). NH4 
+ -N, TN, TP were measured by Nesslerizatin colorimetric method, alkaline 
potassium persulfate-ultraviolet spectrophotometry, and ammonium molybdate–antimony potassium 
tartrate–ascorbic acid spectrophotometry, respectively, according to the protocols described in Chinese 
Standard Methods (Editorial Board of Monitoring and Analytical Method of Water and Wastewater, 
2002). COD was detected with a COD analyzer. 
3. Results and Discussion 
3.1 Effect of earthworm on TN removal 
When the hydraulic loading was 0.5m3/(m2·d), the TN removal efficiencies of the constructed wetland with the 
earthworm was 73% with the TN concentration of 18.66mg/L in outflow. The TN removal efficiencies of the blank 
was 64% with the TN concentration of 22.32mg/L in outflow. When the hydraulic loading was 0.4m3/(m2·d), the 
TN removal efficiencies of the constructed wetland with the earthworm was 68% with the TN concentration of 
17.25mg/L in outflow. The TN removal efficiencies of the blank was 59% with the TN concentration of 21.19mg/L 
in outflow. When the hydraulic loading was decreased to 0.3m3/(m2·d), the TN removal efficiencies of the 
constructed wetland with the earthworm was 67% with the TN concentration of 12.58mg/L in outflow. The TN
removal efficiencies of the blank was 57% with the TN concentration of 17.89mg/L in outflow(Fig.2). 
Fig.2 TN removal efficiencies of constructed wetlands with and without earthworm 
Item COD(mg/L) NH4
+-N(mg/L) NO3
--N(mg/L) TN(mg/L) TP(mg/L) DO( mg/L ) pH
Concentration* 190~610(325) 13~59(27) 1.4~8.9(2.4) 12~131(63) 0.4~3.0(1.8) 2.1~2.7(2.4) 6.0~8.0(7.2)
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  The TN removal effects of the constructed wetland with and without the earthworm increased with decreasing the 
hydraulic loading. For the constructed wetland with the earthworm, when the hydraulic loading was 0.5m3/(m2·d), 
the TN concentration in outflow was 18.66mg/L while decreasing to 12.58mg/L with decreasing the hydraulic 
loading to 0.3m3/(m2·d). This indicated that the hydraulic loading was negatively correlated with the TN removal 
effect of the constructed wetland with the earthworm. When the hydraulic loading was 0.3m3/(m2·d), the TN 
concentration of outflow treated by the earthworm reached A level of the Wastewater Discharge Standards 
(GB18918-2002) while the outflow TN untreated by the earthworm did not reach the level.  
  The lower hydraulic loading is beneficial to the TN removal, because the DO level is low (usually less than 1mg/L). 
The purification effect of the constructed wetland with the earthworm is greater than that of the blank, revealing that 
the earthworm plays an important role in the wetland. Moreover, when the hydraulic loading was decreased, the 
superiority of introduction in the earthworm was manifested., The hydraulic retention time increased with 
decreasing the hydraulic loading, which was favourable to the removal of TN and subsequently increased the 
difference in the removal effect between the two wetland. 
 
3.2 Effect of earthworm on COD removal 
  When the hydraulic loading was 0.5m3/(m2·d), the COD removal efficiencies of the constructed wetland with the 
earthworm was 68% with the COD concentration of 114.16mg/L in outflow. The COD removal efficiencies of the 
blank was 57% with the COD concentration of 157.53mg/L in outflow. When the hydraulic loading was 
0.4m3/(m2·d), the COD removal efficiencies of the constructed wetland with the earthworm was 74% with the COD 
concentration of 69.31mg/L in outflow. The COD removal efficiencies of the blank was 61% with the COD 
concentration of 101.15mg/L in outflow. When the hydraulic loading was decreased to 0.3m3/(m2·d), the COD 
removal efficiencies of the constructed wetland with the earthworm was 88% with the COD concentration of 
41.02mg/L in outflow. The COD removal efficiencies of the blank was 81% with the COD concentration of 
67.61mg/L in outflow (Fig.3). 
 
Fig.3 COD removal efficiencies of constructed wetlands with and without earthworm 
  The earthworm promoted the activity and the abundance of microorganisms and the growth of plants, which 
improved the soundness and the function of the wetland ecosystem. The hydraulic retention time increased with 
decreasing the hydraulic loading, which favored the removal of the dissolved organic matters and the predation of 
the particulate organic matters by the earthworm. This resulted that the COD concentration of outflow treated by the 
earthworm reached A level of the Wastewater Discharge Standards (GB18918-2002). 
  The results in this study indicated that the characteristics for COD removal by the constructed wetland with the 
earthworm differed from the wetland without the earthworm[6]. Because the integrity of the wetland with the 
earthworm is superior to he wetland without the earthworm, the outflow quality treated by the constructed wetland 
with the earthworm is better than that of without the earthworm when the hydraulic or the organic matters loading is 
large. Additionally, if the demand for the outflow quality is the same, the introduction of the earthworm into the 
constructed wetland can increase the removal loading and the total amount of pollutants. 
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3.3 Effect of earthworm on TP removal 
  When the hydraulic loading was 0.5m3/(m2·d), the outflow concentration of TP in the constructed wetland with and 
without the earthworm was 0.93 and 1.04mg/L, respectively (Fig.4). The TP removal effect increased with 
decreasing the hydraulic loading. When the hydraulic loading was 0.3m3/(m2·d), the outflow concentrations of TP in 
both constructed wetlands were less than 0.9mg/L. Particularly, the TP concentration of outflow treated by the 
earthworm was 0.45mg/L which reached A level of the Wastewater Discharge Standards (GB18918-2002). 
 
Fig.4 TP removal efficiencies of constructed wetlands with and without earthworm 
  When the hydraulic loading reached 0.5m3/(m2·d), the outflow quality did not reach I Class of the Wastewater 
Discharge Standards (GB18918-2002). However, the removal efficiencies of COD, TN and TP in the constructed 
wetland with the earthworm were higher than that of the blank, indicating that the the earthworm improve the 
tolerance of the wetland to the loading shock. When the hydraulic loading reached 0.4 m3/(m2·d), the TN and TP 
concentrations of outflow treated by the earthworm reached B level of the Wastewater Discharge Standards 
(GB18918-2002) while only the TP concentration untreated by the earthworm reached the same level. When the 
hydraulic loading reached 0.3 m3/(m2·d), the COD, TN and TP concentrations of outflow treated by the earthworm 
reached A level of the Wastewater Discharge Standards (GB18918-2002) while only the TP and TN concentrations 
untreated by the earthworm reached the same level. 
4. Conclusions 
  The removal efficiencies of COD, TN and TP in the constructed wetland treated by the earthworm increased when 
the hydraulic loading was decreased. Decreasing the hydraulic loading increases the retention time of wastewater in 
the wetland, which increases the predation and the ingestion of the earthworm on the pollutants and promotes the 
activity and the abundance of microorganisms. This resulted in the increase in the removal effect of the wetland. 
Based on the ecology theory, this study wants to improve the wetland ecological system for ideas, introduced the 
Eisenia foetida to add the food chain’s link, strengthen the link of aquatic animals, educed the conclusion: The 
Eisenia foetida can improve the condition of dissolved oxygen in the wetland.When hydraulic load is 
0.3m3/(m2·d),the average effluent concentration of COD, TN and TP are 41.02mg/L,4.59mg/L,12.58mg/L and 
0.44mg/L respectively, the effluent water quality satisfy theΣA level ofǉdischarge standard of pollutants for 
municipal wastewater treatment plantǊ(GB18918-2002) 
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